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The fundamental function of the nervous system is to accurately process and respond to external stimuli. This issue’s
Neurobiology Select highlights recent findings exploring how neurons and their networks within the nervous system
may be modulated to ensure accurate signal detection, transmission, and response.
Lighting a New Path to Neuronal Plasticity
In larvaeof the frogXenopus laevis, light regulates aneural circuit in the ventral suprachiasmatic
nucleus (VSC) of the brain, enabling the larvae to adapt their skin pigmentation to the environ-
ment in an elegant example of camouflage behavior. Light-induced signals trigger the activa-
tion of neurons expressing the neurotransmitter dopamine, which suppress the secretion of
hormones that activate pigment cells. Light stimuli also promote adaptation of this neural
circuit to ensure faster responses during subsequent exposures to light. In a new study, Dulcis
and Spitzer (2008) now show that light stimuli also promote sensitization of this neural circuit to
ensure faster responses during subsequent exposures to light. Contrary to the assumption that
only modifications to neural circuitry are required for this adaptation, rapid changes in the
number of dopamine-expressing neurons also play a role in providing the neural plasticity
required for stimulus adaptation.Usinga specificdopamine receptor inhibitor, theauthors iden-
tify a population of VSC dopamine-expressing (dopaminergic) neurons that regulate the
pigment response. Strikingly, frog larvae raised in the dark (dark-raised) and then exposed to
light for two hours show a 2-fold increase in the number of VSC dopaminergic neurons, as re-
vealed by immunostaining for the expression of tyrosine hydroxylase, the rate-limiting enzyme
in dopamine synthesis. Quantification of neuron nuclei and characterization of neuronal
subtypes by immunostaining reveal no changes in the total number of VSC neurons between
animals exposed to two hours of light and control animals kept in the dark. This demonstrates
that the observed expansion of dopaminergic neurons is not due to cell proliferation or migra-
tion. Instead, light seems to induce the respecification of neurotransmitter expression in these
VSCneurons, a process that normally occurs during neuronal differentiation.Dulcis andSpitzer propose that this expandedpopulation
of dopaminergic neurons,whoseprojections canbe tracedby immunofluorescence tomelanocyte-activating hormone-releasingcells,
improve the sensitivity of the light-induced pigment response. Indeed, larvae raised in light (thus possessing more VSC dopaminergic
neurons) adapt to additional light stimuli more rapidly than animals with the same level of pigment but raised in the dark and harboring
fewer dopaminergic neurons. These findings provide evidence for the exciting notion that activation of the expression of a new neuro-
transmitter in pre-existing neuronsmaybeamechanism for rapidly achievingneuronal plasticitywithout rewiring synaptic connections.
D. Dulcis and N.C. Spitzer (2008). Nature 456, 195–201.
Cdk5 Keeps Newborn Neurons in Line
Neural stem and progenitor cells (NPCs) persist in the hippocampal region of the brain into adulthood,
giving rise toglutamatergic neurons (granulecells) that are integrated into thepre-existing neural circuitry.
Jessberger et al. (2008) now implicate the cyclin-dependent kinase cdk5 as a key regulator of the
dendriticprocessesof newborngranulecells in theadultmousehippocampus.Granulecells haveachar-
acteristic polarized morphology where a single apical dendrite branches in the dentate granular cell
layer (GCL) and extends through the molecular layer (ML), the outermost layer of the cerebellar cortex.
The authors observe that in NPCs of the adult mouse hippocampus, the overexpression of a domi-
nant-negative form of cdk5 (DNcdk5) by an NPC-targeted transgene also expressing green fluorescent
protein (GFP) results in thedifferentiationofNPCs into newborngranule cells that haveanaberrantmigra-
tion pattern. Although these cdk5 activity-deficient cells lack normal polarized morphology and extend
multiple dendrites along the GCL, Jessberger et al. find that they maintain expression of granule cell-
specific markers, indicating that cdk5 plays no role in cell-type specification. Instead, as the authors
discoverwhen they use transgene-GFPexpression to trace dendritic processesof newborn granule cells
overexpressingDNcdk5, the lossof cdk5 function results in the failureofdendrites to reach theML,aswell
as fewer dendrite branching points. These neurons also have reduced dendritic spines due to defects in
spine formation andmaturation. Notably, despite these abnormalities,DNcdk5-overexpressing neurons
survive in thehippocampusandare integrated into theneural circuitry, albeit at an incorrect location.Elec-
tronmicroscopy confirms synaptic formation by the aberrant dendrites ofDNcdk5-overexpressing cells.
Taken together, these data suggest a distinct role for cdk5 kinase activity in thematuration and targeting
of granule cell dendrites and may shed light on key developmental steps in adult neurogenesis.
S. Jessberger et al. (2008). PLoS Biol. 6, 2465–2475. 10.1371/journal.pbio.0060272.
Activating to Inhibit: Two Sides of BDNF
Activity-regulated gene expression in neurons has long been proposed to be a key molecular mechanism mediating the effects
of environmental stimuli on neuronal circuits in the brain. Hong et al. (2008) now confirm the biological function of activity-regulated
gene expression. They generate and analyze mice in which neuronal activity-regulated expression of the gene encoding
Two frog larvae from the same clutch
of embryos exhibit different camou-
flage coloration following dark adap-
tation (left) and light adaptation
(right). Image courtesy of N.C. Spitzer
and D. Dulcis.
Newborn granule cells
lacking cdk5 activity
(green) fail tomigrate prop-
erly but do form dendrites
and become synaptically
integrated into neural
circuits containing neurons
(red) and glial cells (blue).
Image courtesy of S. Jess-
berger.
Cell 135, December 26, 2008 ª2008 Elsevier Inc. 1149
brain-derived neurotrophic factor (Bdnf) is specifically disrupted in the cerebral cortex. Although Bdnf has at least eight distinct
promoters that can direct its expression, Bdnf transcription in the cortex is mostly mediated by promoter IV. The authors introduce
point mutations that disrupt the CREB transcription factor-binding element of Bdnf promoter IV, reducing promoter IV induction by
90%due to the disruption of the transcriptional activating complex at the promoter. Consistent with the specific disruption of activity-
regulatedBdnf expression, mice harboring themutation, although outwardly indistinguishable from control littermates, showmarked
defects in the induction of Bdnf expression in the visual cortex in response to light stimuli. Hong et al. speculate that activity-induced
Bdnf expression in the cortex may modulate neural connectivity by promoting inhibitory synapse formation following neural activity.
So, the authors immunostained GFP-labeled promoter IV mutant neurons in vitro for pre- and postsynaptic markers of inhibitory
synapses. They find that whereas excitatory synapse number is unaffected, more inhibitory synapses are formed on mutant neurons
lacking BDNF expression than on control neurons. The authors also observe that within an intact neural circuit in the visual cortex of
the mutant mouse brain, there is a marked decrease in the frequency of spontaneous miniature inhibitory postsynaptic currents
compared with control animals, as measured by whole-cell patch-clamp recording. Thus, neural activity-induced Bdnf expression
plays a role in inhibitory synapse formation. Further exploration of this link betweenBdnf expression and the activity-dependent reor-
ganization of synaptic connectivity in a neuronal circuit may have implications for understanding how the proper balance of excitation
and inhibition in the cortex is achieved.
E.J. Hong et al. (2008). Neuron 60, 610–624.
Fish Tails Flip in Time to the Rhythm
Studies of how temporal information may be processed in the nervous system suggest that organisms can memorize rhythmic time
intervals and that specific neurons in the brain exhibit activity correlating in strength with the rhythmic time interval. Sumbre et al.
(2008) now demonstrate that assemblies of neurons in the zebrafish optic tectum may retain temporal memory of rhythmic visual
stimuli for up to 20 seconds through synchronized rhythmic neuronal activity. The zebrafish tectum is a site where visual information
is processed and integrated with other sensory inputs. The authors find that rhythmic visual stimulation (alternating intervals of stim-
ulus and rest) of zebrafish larvae with amoving light bar induces synchronized neuronal activity in subpopulations of tectum neurons,
as detected by two-photon fluorescent imaging of calcium ion dynamics in the cells. Remarkably, after at least ten rounds of this
conditioning stimulation, the synchronized neuronal activity matching the rhythm of the stimulus persists for at least three cycles
without additional stimulation. This suggests that the neurons can be entrained to ‘‘remember’’ stimulus interval times. Sumbre
et al. further observe that repetitive visual stimuli can also induce rhythmic motor behavior in zebrafish larvae. Rhythmic conditioning
stimulation of larvae with light flashes induces rhythmic tail-flips on a time interval matching that of the stimulation period. Similar to
rhythmic neuronal activity, these tail-flips can continue for at least one cycle in the absence of further stimuli. Intriguingly, synchro-
nized neural activation events in the tectum neurons closely correlate with the timing of tail-flips and may indicate that the rhythmic
activity induces a sort of perceptual memory of the stimulus. The authors propose that the rhythm-entrained tectum neurons may
represent tunable neural circuits that form the basis of time interval measurements. If so, understanding of these circuits may provide
insights into the mechanisms of temporal information processing.
G. Sumbre et al. (2008). Nature 456, 102–106.
Fly Neural Circuits Kill Two Birds with One Stone
The mechanisms underlying the specific targeting of synapses to neuronal circuits to allow circuit functional
specialization are poorly understood. Using the visual system of the fly Drosophila melanogaster as a model,
Morey et al. (2008) now uncover a possible means of coordinating synaptic targeting with neural circuit func-
tion in which the same transcription factors regulate both specific axon-targeting and neuron type-specific
rhodopsin expression in photoreceptor neurons. In Drosophila, photoreceptor neurons, which express
different rhodopsins that detect different wavelengths of light, link the simple eye structures of the fly
compound eye to the optic lobe of the brain. The R7 and R8 photoreceptor axons form synaptic connections
in different medulla layers of the optic lobe. Using a genetic screen, the authors identify the transcription factor
NF-YC as an essential protein in the targeting of R7 axons. Disruption of NF-YC expression results in the mis-
targeting of R7 axons to the same medulla layer as R8 axons. The authors speculate that this erroneous R7
axon targeting may reflect activation of the R8-specific transcription factor Sens in the R7 neurons in the
absence of NF-YC. Thus, they examined the expression of the critical R8 developmental regulator Sens in
R7 neurons lacking NF-YC expression. Indeed, Morey et al. observe ectopic expression of sens and further
find that ablating sens expression in these R7 neurons is sufficient to rescue the mistargeting phenotype.
Sens directly binds to DNA sequences upstream of the capricious gene encoding a cell-surface protein
that regulates R8 target specificity. Intriguingly, the authors also find that the transcription factor Pros is
required, like NF-YC, for R7 axon targeting and may function in parallel with NF-YC. Both Pros and Sens
directly regulate the establishment of R7- and R8-specific rhodopsin expression. Hence, the authors propose
that the new-found role for these two transcription factors in axon targeting implies that in some contexts, the
same transcription factors coregulate neuronal function and synaptic targeting.
M. Morey et al. (2008). Nature. Published online November 2, 2008. 10.1038/nature07419.
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